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Immunotherapeutic Effects of CTLA4Ig Fusion Protein on
Murine EAE and GVHD
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ABSTRACT

Background: CTLA4 (CD152), which is expressed on the surface of T cells following
activation, has a much higher affinity for B7 molecules comparing to CD28, and is a
negative regulator of T cell activation. In contrast to stimulating and agonistic capabilities
of monoclonal antibodies specific to CTLA-4, CTLA4Ig fusion protein appears to act
as CD28 antagonist and inhibits iz vitro and in wvivo T cell priming in variety of
immunological conditions. We've set out to confirm whether inhibition of the CD28-B7
costimulatory response using a soluble form of human CTLA4Ig fusion protein would
lead to persistent inhibition of alloreactive T cell activation. Methods: We have used
CHO-dhfr cell-line to produce CTLA4Ig fusion protein. After serum free culture of
transfected cell line we purified this recombinant molecule by using protein A column.
To confirm characterization of fusion protein, we cartied out a series of Western blot,
SDS-PAGE and silver staining analyses. We have also investigated the efficacy of
CTLAA4lg in vitro such as mixed lymphocyte reaction (MLR) & cytotoxic T lymphocyte
(CTL) response and iz wvivo such as experimental autoimmune encephalomyelitis (EAE),
graft versus host disease (GVHD) and skin-graft whether this fusion protein could inhibit
alloreactive T cell activation and lead to immunosuppression of activated T' cell. Results:
In wvitro assay, CTLA4lg fusion protein inhibited immune response in T cell-specific
manner: 1) Human CTLA4lg inhibited allogeneic stimulation in murine MLR; 2)
CTLAA4lg prevented the specific killing activity of CTL. Iz vivo assay, human CTLA4lg
revealed the capacities to induce alloantigen-specific hyporesponsiveness in mouse model:
1) GVHD was efficiently blocked by dose-dependent manner; 2) Clinical score of EAE
was significantly decreased compared to nomal control; 3) The time of skin-graft
rejection was not different between CTLA4Ig treated and control group. Conclusion:
Human CTLA4Ig suppress the T cell-mediated immune response and efficiently inhibit
the EAE, GVHD in mouse model. The mechanism of T cell suppression by human
CTLAA4Ig fusion protein may be originated from the suppression of activity of cytotoxic
T cell. Human CTLA4Ig could not suppress the rejection in mouse skin-graft, this
finding suggests that other mechanism except the suppression of cytotoxic T cell may
exist on the suppression of graft rejection. (Immune Network 2003;3(4):302-309)
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(signal)7} Z 2.8t (1,2), A WA= TAES] THE 5
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L HARES AAaHrE BEE Y 2™ (20,21), F-B7
Y Z-E 3| (anti-B7 monoclonal antibody) & AF-8-3}$)
it o & W AgAasS e oh22).
3+ AT Aol w2 AR CTLA4Ig g3 =k
o] &3t np-9-x FEA Y ollA EAES} 22 A4
AR X 5(11), thF3t 0|4 FEollA] ARHEE
A A (12,21), AAAA L] 7|2 W AFHES AI(23),
FrobelE B Jaw el X 5(13) Soll ol Aot
new, Ags ddo® 3 IR A4
(psoriasis)2] %] 5 (24)0l] 37} A= Ao E H Y
th. o] 3t A= TAIEZ A3l o wife= A
gkel X 5ol CTLA4Ig 5= e] Sold] WAl &

I}E dsste Aol

£ AFellA= A% CTLA4Ig §3shalg QP& e
2 ) 8§ o] Fi= CHO-DHFR AAAEFE 71l
whalar, B A ZFo A ekl Aakskgich A4k
¥ AR CTLA4Ig g <hilell 4] BT £2ket Adtsle
CTLA-4+ ul-$-2=9] CTLA-4%} 70% ©]/32] DNA ho-
mology & Zrom whg-2, HA] 5 o]Fe] A 8
9l B7.10|t} B7.20ll % 5o]F Ql4le] 7hgs}rt. uteh
A o] odFtollA = CTLA4lg &<t ol in vitroZ Al
MLR HF-5-3} in vivoZA] v$-2~EAES} GVHD % 3] %
o] 4 AFnEZoA AskxIgPel] wHZt AA| ATt
cytotoxic T A|Z Aol v X = QS Lot iz} &)
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tlo (L b
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HiH
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E 3 EE
£ AEF g Fav e 2 Ago A83 AE
+ Chinese Hamster Ovary (CHO)-DHFR™ (ATCC)®| %
3, F2k2v] = (plasmid)= pCl-neo ¥ (Invitrogen) S
F o Z pSV2-dhfr WE] ] DHFR F-A2F H-2-5 4Hq]
3t pCl-neo-DHFR= 5 &=k Wl wle] & A-g-3l9ich
A Zvwjek. CHO-DHFR A|EZF+ 37°C, 5% CO, &7
oA 10% -$-efo} & (Fetal bovine serum, FBS) $hHf-
Iscove’s Modified Eagle Medium (IMDM, Gibco-BRL) Hl|
Aol A wlFsl St

HxdEY =T AT 9@ FEY. CTLA48 Im-
munoglobulin G1 (IgG1) 3 AF2] FZ Y (cloning) 4
oAl A2 Wollx] Hxgen chalp A|ES
(peripheral blood mononuclear cell)< 2|3t % phytohe-
magglutinin-L. (PHA-L, Sigma)< 7}slo] 25319t}
A5 g ZFollA] DNAE A $ ZH2e] izt
gk PCR HE-S-& A A3}o] CTLA-49] 73-9- 456 bp 7}
2ko] PCR AHEo] T band2 A E o, 1gG19]
743~ 702 bp 7}ek2] PCR AHE-o] AA ¥ 9l ch(data not
shown). 2|3 © 2 CTLA4Ig/pCl-neo-DHFR Z&} 1]
=2 Azssich
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2lY A de ZA. CTLA4 A= #AA|9] 2y A4
+ IHE T35 AlEFollA Bd A Al ] el gl
H7F 1A ebvh= EAIE o] et wheka] B A
A& CTLA4 FAAE 293 3 Al 9] gzt
o] 7Hd =2 Y Ade Ak S Aol A
Ble] CTLA-4 Aol A A3t F4AAHS PCR3}A
N-gek 2t A9 F ob| it elE AEAIT L2 8
el FAAAE FHe o, o] wf AER 67
o] opm] =4k ACLGFQO| St} ELISAE A A|slof W
dAeke vk Ay o)ef e F2E v FHE(L,
L3, 14, L5)9] 2|t Aol vlal] 2o 3ul o] 9] k&l
& YeEFAACHFg. D).

F+2A A A 27+ (Gene transfection) B g3yt
. Aot ol AlzH EFetEv|EE E colioll A
Z gk (transformation)A] 71 ¥ Qiagen kitE A--&3}7 )
alkalit & 2 A A3} c}25). o] & v}A] Lipofectamine
2000 (Invitrogen)s ©]-83}o] CHO-DHFR A|E=ol|
transfectionX] 7] ¥ G418 (geneticin, GIBCO-BRL)S *]
glste] Zetam| et 290 AlxFaks 1% A
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Figure 1. Relative gene expression of fusion protein with variable
N-terminal deletion. L2-form revealed the highest expression
level of fusion protein, which was measured by ELISA.

Fom, FAAEEE 213 MTX (Methotrexate, GIBCO-
BRL)%] FEE 0002 uMF-E 264 Z7}A]7]w, Z o
Wk ZFaA e AH AFA Faeb LA
EFZ sl

o FA 2 A7 dF. AzH AEFE 37,
5% CO, Z79] roller-bottlecl] A &2 ul] A (CHO-S-
SFM II, GIBCO-BRL)E Al-&3}o] vloksled © ™ rPro-
tein A column (Amersham-Pharmacia)®} Amicon UF kitE
o] &3lo] FAIE A BAH gl &
912 SDS-PAGE (26), silver-staining (27), western-blotting
(28)= A A &}od, reducing Z71 ol A= <F 50,000 Da 7}
29| band, non-reducing Z71 o4 = <F 90,000 Da 7}
o] band® SHelekickFig 2. ol wl A3 SAE
A 2= vk anti-human CTLA-4 34| (KPL)S},
o] X} ¢+ A| 2  biotin-labeled goat anti-mouse IgG EH|
(KPL)E A&kt

MLR (Mixed Lymphocyte Reaction). ResponderZ+
C57BLJ6 (H-2") 1}-9-2=2] B ZAAE, stimulant Balb/C
H2Y) w29 v AAEES 727 A-gekdeh. Stimul-
ant responder®} 4301F7] Holl mitomycin-C (50pg/
ml, Sigma)& 37°Coll 4] 307t X glsto] E-3AISAZ
t}. Flat-bottom®] 96-well plate (Nunc)oll Z+7+ 5x10°7
9] responder ¥ stimulantE %] 5% CO,, 37°C incubator
of| A 72417k vk o 24 MLRS f+53F3ict. of
okol] CTLA4IgS #HE5%7}) 100, 10, 1, 0.1, 0.01pg/ml
o] HE% A skl MIRell S TS ZAsAT
ajoko] E1}7] 4417 Aol 1uCi® *H-thymidine (Amer-
sham-pharmacia)= “47}8F 5 scintillation beta-counter
(Wallac) 2 ZAslo] A|Ee] ZAAHEE counter per
minute (cpm)S- &2 ARSI
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Figure 2. Identification of CTLA4lg fusion protein (A: Silver staining, B: SDS-PAGE, C: Western-blot analysis, M: Protein marker).
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cell S 1| sto] bulk MLRS A A]s}ar uljeko] 6 )
S AES BE H4ste] O 3 AL ol
countt 5| o}#l 2] cytotoxicity assayS A AISFA ). o]
uf] gekie] A7 FET 3 ugmleZ 313
FEAAEP8IS H2)S) £2H3 FA 3] F A EF7)
2x10'mIAN7} B 25 gt TAAZE 1,000 rpm, A
LollA] 587 A Eeldk % kit (Green Fluorescent
Cell Linker Kit, Sigma) el )= 1 ml9] diluent CE
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o] Al H ] 4343 GVHD) Y Al. RecipientZ = BDFI
(C57BL/6XDBA2 F1) wp-$-25, Z12]3L allogenic graft
donori= C57BL/6 w}--2=5 AH-831%0t}. Syngenic graft
donori= BDF1 v}-$-~5 AH-83}90 e}, Allogenic 2! syn-
genic Wh-29] HIAAEE HE3}o] single cell su-
spension®. & ®bE= | HAEFE AA AT o] %
GVHD Rbg-& Hr} SAsA F2317] 9138ke] donor
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Z uljokst ¥ Magnetic stand (Dynal)oll &2+A]7]+= vt
WS E2l surface IgG %A B AlZZ AA st} o]
% 15510709 BIAANEZZE recipient v}-$-2=ol] A
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weighy & WIAAIE 9% A9 3627 A7 F 23]
off 24 57 ol Fodsl3ict. Donor Al£2] HE $
79 Aol recipient vh-§-225 Fo|aL A Bl wlAo]
AlE FA38e] tha3 3Eo] spleen indexE 4HE3|SH
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Allogenic (spleen weight/body weight)

Spleen index =
Syngenic (spleen weight/body weight)
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AYA A A A AT (EAE) JA. w52 85
g FA SIL vh-2=E Akl o, 3k el 10v}
2] 9] w25 FoI3}9 e} Guinea pige] myelin basic
protein (MBP, Sigma)< 42| Ald<oll o] complete
freund’s adjuvant (CFA, Sigma)2} 1 : 12 4]o] w22
Qb Aol ZAfele 430l 0.1 mi4 4 Esteleh. ol 2
A gk upg-22 04 mge] MBP7} HEEH, HE A
123 48X 7F ¥ 23]of] ZA*] 200 ng®] pertussis toxin
(Gibco-BRL)& H7 WHE FAsqdctk k&2 0: no
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5: death 2. & scoreS "lA blind test WAl o & 77}
5 =& eh a3 mgkg)d Fole WY 3}
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Lo wlel ¥ 300 Aekin.

BhS2 B el ARWS A, vk 73l 4
] FodA(donor)= C57BLI6 F-225 AH-&3l 0w,
97o] AH(recipient)«= BALB/c W25 o] &3}t ¢
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W a1E o)A 5 3 S F AlAel o, o] &5
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Figure 3. Inhibitory effect of CTLA4lg
on MLR.

E Control IgG
treatment(15days)

B CTLA4Ig treatment
(15days)

O Control IgG
treatment(45days)

OCTLA4Ig treatment
(45days)

Figure 4. Effect of CTLA4lg fusion
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Table I. Inhibitory effect of CTLA4Ig on GVHD

CTLA4Ig Donor Spleen index (mg) Spleen

(mg/kg) Recipient /Body weight index
0 BDFl  BDF1 3.3740.05% -
0 C57BL/6  BDF1 6.7740.30 2.01
0316 C57BL/6  BDF1 6.26+0.31 1.86
1 C57BL/6  BDF1 4744014 1.41"
316 C57BL/6  BDF1 3.9140.07 116"
10 C57BL/6  BDF1 3.9740.16 1.18"

*Data represent mean * standard deviation (nZS*). Groups were
compared by t test and p values denoted as = p<0.005. The
GVHD in BDF! mice was induced by injecting surface
IgG-positive cell-depleted splenocyte (1.5><107) from C57BL/6
mice, when the various doses of CTLA4Ig was administered i.p
for 2 times. On 7 day after injection of splenocytes, the GVHD
was evaluated by measuring the index of increase in spleen index.

protein on specific killing activity of
CTL (E: effector cell, T: target cell).

AAA QY AEFA o] FHaslglen, w3t zrde
Z A8-3F control IgGoll 2] 8k 25 A1 E2] anti-hostcy-
totoxicityoll B]3l] CTLA4IgE X | 3st 73-F-oll AlE =4
o] AAEA A= ek w3t i A2l 3 45
FHAE CTLE| A|EFA o] FHaF o], g3 A
glof] g a7t AL = AE & 5 AAHFg 4).
GVHDel| t]gt CTLA4Ige] & A&7}, DonorE BDFI
2] parent straing] C57BL/6 n}-$-2=2] BH|AAES A&
3l =l, GVHDE Yo7+ 5 ZH&A| 7T TA|E9|
B2 1gG-FA4 B AlEE AAs] 7H53 3 TAE7}
o] 3HR-E == slo] recipient Hh-$-222] HIAEHE
gk = Q1) Donor %2 syngenic WH$-2=9] H|A;
AEZE AMFAL Z CTLA4IgS 23]0l] Ax] Fofslo]
GVHD Hb-gofl tigt dAgart JeA st
(Table I). CTLA4Ig 5 5HHS Fofala] k2 JollAl
+ spleen index”} 2.012.24] GVHD HF-g-o] F559)
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Figure 5. Blocking effect of CTLA4Ig
on the induction of EAE in mice.

Table II. Suppressive effect of CTLA4lg on murine skin-graft
rejection

Esperimental groups Graft survival days (meantSD)

8.210.42
8.0£0.50

CTLA4Ig-treated group (n=5)
Normal saline-injected
control group (n=5)

CTLAA4Ig did not show significant effects on inhibition of murine
skin-allograft rejection.

v} 22]v} CTLA4IgS] F-o] ¥ GVHD "h-g-o] H7}3]
o7 JAE = AL AT T Ak 1 mgke?] F

ZollA] spleen index”} 1412 ZHA%1 3L, 3.16 mg/kge]
B 5ol A& spleen index?} 1.1602 AL hys}A
GVHD R‘bg& dAlsiglen, o] Fx2 3uiel 10
mg/kg?] FoiTolAE LI8E He AEE At
Art.
EAE fbell ti3k CTLA4-Ige] &3}, 2 AFoA =
gdo 2 A guinea pig TSl MBPE AR&3}lom
X} MF 9l clinical scoreS AF3l7] $Jslo] oFF
= &A= A Fof 8 RS sk blind
testS A AT} Fig 5914 & 5 Aol oF 104
FH oS AX A b2 H=TellA EAES] A1
Al %—‘J% WS dlen o] T 259 el
thA] 35 E G 3k 3 mg/kg«l TS W)
7] ALRE A #sto] 10L#7hA] WY 3] 27 &=
o3t IFellAl = Ao 4 Tl WEE A A%
ul-§-2 g Fo]4] AHukgol] tg CTLA4IgS] °411]
a3 B gl Helel ol o)A =F e o)
g AFNES AAG 7 deA GotHT] 9lEhe]
MHC haplotype©] A & t}& w925 4o & skin-

allograftE A A|3}aL o] 3 3 mg/kg®] CTLA4Ig 3%t

Ade] FEE = 717 Bt AlSHA v 13,
W FAste] vlastglet. C57BL6 mH$-2~(H-2%
B2 BALB/c WF-$-2=(H-2%0l o] A3 ¢ =
15 8:05Y A T=EFHAL, n=5)0llA] BE =
Hol A xlo] ety et 3k FU3E =73 o
TS Fold 2 82t04 (HT+ZTH
A BE zAHo| detx|o], g 43St
+ Fo% ¥ 94 U= Hol & HET F gl
t}(Table II).

OlEﬁk Ate B gtk Aelof] wEl GVHD

ﬁiﬁmﬁﬁﬁ
5, S,
Py

=
Il
O
N—
2

Hhe2 AAI7E 7hs kAR, B Fol A ARRES2 o
11]3]';4 FE2 oulsta, a2 AE7)%e] AR thE
= A= AAge
| =

22 AT ZAd el =W CTLAdlg 582 &

71o] Aol A AR %«] —1 Al, A7t G Age] A&
Soll Yol G493t A5 Hol= Zleg HuE
QITh022.24). o] 7122] X8 AAI} AT Qe
HAE SEEALAL ke A RZA], B AFollAE o]
9} 7o gatolulo] FBol| o3 T A E-ui7l] =leddlt
S, 53] CTL (cytotoxic T lymphocyte)2] A &3}E 7

ek P

S A fHle] CTLA-49F Mo ZF 75l o] Ak
o] & (hinge+CH2+CH3)S Z3A|AH CTLA4lg &gt
WS A Z i vitroS} in vivooll Al B g-3tetalo] &)
U-Solfow AR TAE AL Wl e
alsheA] of -2 shelsisic.

CTLA4 BAHE N-uekol] A5A 7} £549) ofv]
Ao Z 37709 ‘?HE} 2] t] A1 ¥ (leader sequence)S
7HA AL =T (29), Aol e gl Az
o] wde 9l CTLA4 AA 9] BHAD Al
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oncostatin MU IL-2¢] 2|HA L& ].,9.*}0;\];]_(30 31).
T & Al A= AlE o] U 4;]19},(]7]
= AFAo] =L CTLA4 AHAS] = 1}1 IR
NS AEAZ] ) 122 ZAAsIgon, & 6h:]-
e QpgH o7 AJAel= CHO-dhfr A EFE
Aksl At
2 gl a5 el

o
=
vitro (MLR %, CTLE] A|EFA o

(GVHD ¢ zﬂ EAE model, n}-$-2 3] Ho]2] AXulLg
AA) A S AABE o, upp-2 g Fo] 2] A4
e AL B AdlollA B gtk -0
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